convalescents (2).* 1898 and 1899 cover what must have been a frustrating period. He went out to Beira in Portuguese East Africa, hoping for oppor tunities for research on malaria, which was rife amongst workers engaged in railway construction. The hoped-for facilities were not available and he returned to England in 1900 as soon as his contract was over. He was then appointed assistant bacteriologist to the Lister (then the Jenner) Institute. At Sudbury, near Harrow, antitoxin was being produced in a small tworoomed building with stables adjacent. Here Todd worked as assistant to the Director, George Dean: they had personally to inject and bleed the horses and bottle the sera. Some time was nevertheless available for research: experiments initiated by Lord Lister were carried out to test Koch's statement in 1901 that cattle should not be considered a dangerous source of infection of human beings; Koch's ideas were not supported (7). Todd also found that some strains of B. megatherium produced a potent haemolysin (4, 5), which he used to follow up some work by Ehrlich and Madsen on toxin-antitoxin reactions; this proved a practicable model, more convenient than the then available methods for working with tetanus and diphtheria toxins.
In 1902 the serum laboratories were moved to better accommodation at Elstree, and G. F. Petrie joined the staff. Todd now began to work on Shiga dysentery and was able to produce a potent toxin by growing the bacillus in alkaline broth and to elicit a good antitoxin by immunizing horses (8, 9 ). This became a regular issue from the Elstree laboratories.
In 1904 a serious outbreak of cattle plague (rinderpest) had broken out in Egrypt and 1000 cattle were dying every day. To meet an urgent demand for antiserum, an establishment had been hastily set up near Cairo, but this was not functioning at all well. Todd was asked to re-organize and direct it. Thus began an association with Egypt which lasted for 21 years.
The state in which Todd found the Serum Institute is best described in his own words. 'Inspection of the Institute revealed an astonishing state of affairs. Erected on the summit of a wind-swept hill in the desert a few miles from Cairo, it consisted of matting stables and sheds surrounded by a ring fence which, at that time, was being patrolled at night by an armed guard, owing to a threat of the local butchers to set fire to the place. O f the 250 native bulls supposed to be producing serum some 100 were suffering or recovering from abscesses of various sizes. Foot-and-mouth disease was rampant and there was much protozoal infection. The only water supply consisted of unfiltered Nile water pumped up the hill by a very primitive hot air engine and all steam sterilization had to be done by means of primus lamps. As each reinforcing injection of a serum-producing animal consisted of 4 litres of virulent blood, given subcutaneously, and as this blood had been whipped in uncovered enamel dishes in the open air and filtered through muslin, often in a dust storm and in the presence of innumerable flies, the occurrence of abscesses was hardly to be wondered at.' It says much for Todd's organizing ability that within six months the Institute was working normally (15). With reduction in the incidence of cattle plague and accumulation of good stocks of serum it was possible in September of the following year (1905) to close the Institute down. As work at the Institute diminished, Todd was able to spend his mornings at the Hygienic Institute in Cairo, where he incidentally carried out some work on fowlplague and barbone (a haemorrhagic septicaemia of buffaloes) and spotted the occurrence of trypanosomiasis in camels. When the Serum Institute closed he was drafted as bacteriologist to the Hygienic Institute where for some time his duties were mainly of a routine nature, 'chasing plague rats and fleas'.
In 1906 he began studies of scorpion venom with a view to producing an antiserum; many deaths were occurring annually especially amongst children. Offer of a small reward brought in a supply of some 3000 scorpion tails which were dried over calcium chloride till they could be used. The work went well and culminated in a paper on 'an antiserum for scorpion venom ' in 1909 (11) and in arrangements for making the antivenom on a larger scale at the Lister Institute.
Between 1906 and the outbreak of war in 1914, Todd was busy with work of various kinds in the field of hygiene. The Institute's Director, Professor H. Bitter, was away for a time on leave and later on long sick leave and Todd acted as Director. During one of these periods 'the scandal of the Infectious Diseases hospital at Abbassia was tackled. The hospital there had no drinking water supply, no drains, no nurses and the roofs of most of the pavilions were leaking. With the aid of a grant of £2000, obtained with much difficulty, the hospital was put into a reasonable working condition'. Other work concerned cholera in Mecca, Malta fever, contaminated water supplies at Khartoum, louse transmission of typhus and relapsing fever and filariasis (19).
On the outbreak of war, Todd, on sick leave in England, was recalled to E&ypt and shortly afterwards succeeded Bitter as Director of the Hygienic Institute, of which the title was changed to that of the Public Health Labora tories. Much help was supplied to the British army in Egypt, and later, to centralize the work, the Institute was constituted the Central Bacteriology Laboratory for the army in the Cairo district. After the war, the activity of the Nationalist movement and the declaration of independence of Egypt made things very difficult for Britons there. In 1922 Todd sent in his resignation but was persuaded by the Egyptian Government to remain in a consultant capacity; he finally returned home to England in May 1925. How arduous were his routine duties is shown by the presence in his bibliography of only four papers published between 1914 and 1927 Throughout his twenty-one years the problem of cattle plague was recurrent. The Serum Institute was re-opened in 1907 under R. G. White, with whom Todd was to collaborate so closely. In 1912 and 1913 Todd and White were members of a Commission appointed to study cattle-plague and were asked to draw up a programme for further work. This involved consider able extensions to the Serum Institute. The resulting work occupied most of Todd's time for two years; it was concerned mainly with practical measures for dealing with the epidemic. The conclusions were published in detail in 1914(17). Hyper-immunization of cattle involved injections of large quantities of blood from other infected cattle. In 1910 Todd and White discovered that these procedures led to production of isolysins, antibodies capable of lysing the red blood cells of other cattle (12). The resulting studies on cellular individuality were continued over many years. They afford Todd's principal claim to scientific distinction, and are considered, along with his subsequent work on iso-agglutinins in fowls, later in this notice. R e t u r n to E n g l a n d
Early in 1926, not many months after his return to England, Todd was asked by the Medical Research Council to visit Italy and later Germany to investigate claims to have cultivated viruses from measles and scarlet fever; these claims have not since been substantiated. Following these visits, in May 1926, Todd was offered a research grant to take part in a programme of work on viruses at the National Institute for Medical Research at Hampstead. This had been initiated a few years earlier in the Department of Pathology under Captain S. R. Douglas. Laidlaw and Buxton, and later Dunkin, were working on dog distemper, Gye on fowl tumours, Perdrau on herpes simplex, Barnard on ultra-violet microscopy. Here Todd turned his attention to fowl plague, a virus he had studied in his earlier years in Egypt.
It is not everyone who, at the age of 57, after many years of heavy admini strative commitments, can turn again to research and make important discoveries; yet Todd achieved this.
In the field of fowl plague, he showed (23) that, as with cattle plague, virus in the blood is located within the leucocytes. The mechanism of contact infection in fowl plague was obscure: Todd showed (23) that the virus could traverse intact mucous membranes and that sexual intercourse was at least one means of transmitting the infection. W ith W. J . Elford he measured the size of the virus (31). Earlier attempts at artificial immunization had proved fruitless, but Todd (24) was able to produce immunity to fowl plague by means of a phenolized vaccine made from livers of infected birds. Birds so immunized and then hyperimmunized yielded an antiserum. This, though potent in some experiments, gave irregular results. For instance, large doses of a serum + virus mixture given intravenously might prove innocuous while a much smaller dose of the mixture would kill. It was found that a just-neutral mixture could be rendered virulent by simple dilution with saline; Todd concluded that the action of the antiserum was not simply a m atter of destroying the virus in vitro. He published an account phenomenon' (25)-or the 'Todd phenomenon' as we used to call it at Hampstead. Bedson's (1928) experiments with herpes simplex and my own with vaccinia (Andrewes 1928) gave similar results at about the same time. The phenomenon has proved since to be of importance in understanding the mode of action of antiviral sera. Once this matter was cleared up Todd was able to immunize fowls by simultaneous injection of fowl plague virus and antiserum.
At about this time he studied the electrical behaviour of bacteriophage and designed a simple cataphoresis apparatus for the purpose (22). He was a pioneer in this field of investigation. At one period of his time in Egypt he had had to give instruction in physics; so physical aspects of virus research always interested him. So we find that the next subject to excite him was the photo-dynamic action of methylene blue on viruses. He began with bacterio phages, for Clifton (1931) had shown that the action of methylene blue on a staphylococcal phage was essentially a process involving oxidation, occurring only in the presence of light. This observation Todd, working with J. R. Perdrau (33), confirmed and extended; he was particularly interested to find that the phage became very much more resistant after union with sensitive bacteria; these, if they were to evince their protective action, had to be living.
He then collaborated with Perdrau in showing that the action of methylene blue on several viruses was of a similar nature (34). Viruses, however, differed in sensitivity, the smallest, those of foot-and-mouth disease and poliomyelitis, being relatively resistant. As with bacteriophage, viruses such as herpes and vaccinia were protected against inactivation once they had gained the shelter of a susceptible cell (37). Some photodynamically inactivated viruses proved to make efficient vaccines. Dog distemper virus was the first one to be studied; such a vaccine proved effective in ferrets but gave irregular results in dogs (32). A vaccine of this type was ineffective against poliomyelitis. This work has not been further followed up.
The most important contribution made by Todd during his period at Hampstead was his work on iso-agglutinins in fowls, a continuation of the studies in Egypt on isolysins in cattle. I am indebted to Dr D. G. Gilmour for the following review of Todd's classical work in the field of cellular individuality.
'Todd's interest in the individuality of the red blood cells of animals was first aroused while he was working at an Institute in Egypt for the production of immune serum against rinderpest (cattle plague). He and R. G. White realized that the injection of infected cattle blood into other cattle for this purpose might have also stimulated the production of immune isolysins for cattle red cells. Out of 106 sera from cattle which had been so injected, they found (12, 13) that 102 strongly lysed the cells of many other cattle, after addition of fresh guinea-pig serum to provide complement. In confirmation of Ehrlich & Morgenroth's (1900) findings with goats they found a wide variety of individual differences both in the reactivity of cells and in the response to injection. Thus each individual serum lysed some but not all cells, and those lysed differed with each serum. Moreover, the same blood injected into different individuals produced sera of differing reactivity patterns. Reasoning from these findings, they concluded that by pooling a number of immune sera they would produce a highly polyvalent serum reacting with all cells, and if such a serum were absorbed with cells of any individual it would still react with all other cells and thus act as a highly specific reagent for this individual. Such was the case. Sera from 60 to 70 immunized cattle were pooled, and tested against cells of 110 other cattle, with the results they had predicted. Only in one case did the pooled serum absorbed with cells of one individual fail to lyse the cells of another individual. The absorbing cells came from a cow and the non-reacting cells from her calf. This finding in 1910 was the first indication that these individual characteristics of red cells in animals were inherited. In claiming that there was a multiplicity of individual red cell antigenic differences among cattle they foreshadowed both the later findings of American workers with cattle and the then unrealized complexity of the situation with human blood groups.
'When Todd returned to England he was eager to continue this work, but for some time was unable to obtain the large numbers of animals required for the production of sufficiently polyvalent sera, because the usual small laboratory animals appeared unsuitable for isolysin production. During the preparation of an anti-fowl plague serum he stumbled upon the fact that injections of fowls with red cells from other fowls produced powerful iso agglutinins, and he proceeded to repeat his earlier classical work with this material. Once again a wide variety of individual differences was found in cell reactivity and antibody response, while a highly polyvalent pooled serum when absorbed with cells of each individual in turn still agglutinated cells of all the other 89 fowls tested (26). Definite proof that the differences were inherited as simple Mendelian dominants was obtained when it was found that the polyvalent serum absorbed with blood of one parent of a family of chicks failed to agglutinate cells of 20 to 30 per cent, of the offspring, but when absorbed with blood of both parents invariably failed to agglutinate cells of all offspring.
'In a later paper (27) Todd gave the results of further work with three families. The polyvalent serum was absorbed with each member of a family in turn and tested against all others. No two bloods within a family gave exactly similar results, although some were very closely alike. He later showed (36) that by inbreeding from brother-sister pairs of very similar reactivity it was possible to produce three generations of fowls all almost or completely identical in their red cell reactivity with the serum. 'Todd's main conclusion, that the red cells of fowls possess a multiplicity of antigenic affinities or receptors which are inherited as dominants, was questioned by several workers in the years immediately following his publica tions, although it has since been amply confirmed by later more detailed work. Thus Kozelka (1933a, b) on the basis of absorption work with antisera made in rabbits, concluded that relatively few antigens existed, and that the apparent multiplicity of differences reported by Todd could be explained by a variable assortment of a limited number of factors. Wiener (1934a, b) drew the same conclusion from a re-analysis of Todd's own results. Wiener's analysis is open to criticism, for in order to make the interpretation more clear-cut he was prepared to count a number of powerful positive reactions recorded by Todd as negatives, writing them off as "a small percentage of inconsistencies" . Later work has, however, shown that very numerous separately inherited antigens do exist in fowls, and the fact that they can be variably assorted in combinations merely increases the number of separate individualities towards infinity. Thus Briles and his co-workers in America have described five loci determining red cell antigens in fowls, each compris ing numerous multiple alleles. At their B locus, for example, at least 21 distinct alleles have been found (Briles, Allen & Millen 1957) . Gilmour (1958) in this country has found further alleles at each of these five loci, and in addition has reported two more loci. In all this work sera prepared in the chicken rather than in other species have been used, a point which Todd realized to be of the highest importance.
' Thomsen (1934 Thomsen ( , 1936 also questioned Todd's other finding, that the factors were inherited as dominants, by apparently identifying antigenic factors in offspring which were not present in either parent. He concluded that some antigens were inherited in either a recessive or a complementary fashion. Briles (1949) repeated Thomsen's experiments and was able to show that an error of serological technique had been involved, and that there was no evidence for recessive or complementary inheritance. ' In 1935 Todd's M.R.C. research grant terminated under the age limit but he continued, as a voluntary worker, to study photodynamic inactivation of viruses with Perdrau and in various other investigations which had no important outcome. He gave up regular work at Hampstead in July 1937.
On the outbreak of war in 1939 Sir Henry Dale invited him to join a team at Hampstead under Sir Patrick Laidlaw engaged in studying problems of air hygiene. This work had been initiated by Laidlaw largely because of the fear of serious epidemics in crowded air-raid shelters. With Elford, Todd studied the properties and persistence in the air of bactericidal mists and their action on viruses and bacteria suspended in the air. Todd's contribution lay particularly in his skill in devising appropriate techniques. He continued with this until, in October 1940, air-raids made travel between Sutton, south of London, and Hampstead, increasingly difficult. On one day almost seven hours were spent in train, tube, bus and taxi: so the work was reluctantly discontinued.
When I knew Charles Todd in his years at the National Institute for Medical Research at Hampstead between 1927 and 1940 he was always a delightful and helpful colleague. He was well over six feet tall, loosely knit, with a characteristic, almost shambling gait, his face nearly always lit with a ready smile. He had an enormous gift for enthusiasm; each new avenue of approach in his research was 'tremendous fun'. Withal, he was extremely modest about his own contributions and very critical, almost cynical, about surprising new claims. 'Very interesting, if true' was a common remark and we used to call the saying 'All men are liars' the Law of Todd and David.
287
He was interested in and knowledgeable about all sorts of natural phenomena outside his own work. He was full of amusing anecdotes especially about his years in Egypt. His funds of knowledge and ideas were always freely at the disposal of his colleagues. 
